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1
PINNED INJECTOR ASSEMBLY

TECHNICAL FIELD

The present invention 1s directed to a unit fuel 1mnjector for
internal combustion engines which minimizes nonaxial
forces on the 1njector body thereby reducing mjector plunger
wear, scufling and seizure.

BACKGROUND

Unit fuel mmjectors operated by cams, have long been used
in compression 1gnition internal combustion engines for
their accuracy and reliability. The unit injector, whether of
the open or closed nozzle type, typically includes an injector
body having injector orifices at one end and a cam driven
injector plunger assembly mounted for reciprocal movement
within a central bore formed the injector body. In a typical
unit 1njector, fuel 1s metered 1nto an 1njection chamber with
the amount of fuel being controlled on a cycle by cycle basis.
The plunger assembly reciprocates through an advancement
stroke to pressurize the metered fuel and force the fuel
through the 1mjector orifices 1to an engine combustion
chamber, and a retraction stroke to permit metering of
injection and perhaps timing fluid for the next injection
event.

One of the major challenges to unit injector designers 1s
limiting injector plunger wear and failure. Injector plungers
are sized to form a diametrical clearance between the outer
surface of the plunger and the inner surface of the corre-
sponding bore formed in the imjector body. However, non-
axial forces acting on the i1njector body cause distortion of
the 1njector body and thus the bore. As a result, the dia-
metrical clearance between the plunger and bore 1s reduced
causing undesirable plunger scufling and wear, and possible
seizure or failure of the plunger. One source of nonaxial or
transverse forces on the 1njector body are threaded connec-
fions between an upper barrel of the injector body and a
lower mjector body assembly. Threaded connections inher-
ently produce nonaxial or transverse forces in the injector
body due to the angled surfaces of the threads.

For example, U.S. Pat. Nos. 4,467,772; 5,094,215; and
5,441,027 all disclose unit fuel injectors having an outer
barrel threadably connected to a lower injector body assem-
bly. The threaded connection is positioned axially along the
injector directly radially adjacent a plunger bore. As a resullt,
the threads inherently impart a transverse load to the 1njector
body distorting the plunger bore and thus disadvantageously
causing plunger wear and possibly failure.

Consequently, there 1s a need for a unit fuel imjector
having an improved connection between the injector body
components which reduces nonaxial assembly forces
thereby minimizing plunger wear.

SUMMARY OF THE INVENTION

It 1s an object of the present invention, therefore, to
overcome the disadvantages of the prior art and to provide
a unit fuel 1injector which reduces plunger wear.

Another object of the present invention 1s to provide a unit
fuel njector which 1s inexpensive to manufacture and simple
to assemble.

Yet another object of the present invention 1s to provide a
unit fuel mjector which permits the attachment of the upper
and lower sections of the imjector body, and subsequent
mounting on an engine, while avoiding imparting transverse
loads to the 1njector body.

Still another object of the present 1nvention 1s to provide
a unit fuel injector which avoids the use of a threaded
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connection between the upper barrel section of the mjector
body and the lower section of the body.

Yet another object of the present invention 1s to provide a
unit fuel injector having a plunger bore wherein distortion of
the plunger bore 1s minimized.

It 1s a further object of the present invention 1s to provide
a unit fuel 1jector which allows the injector clamping load
to create internal sealed engagement between the injector

sections.

These and other objects of the present invention are
achieved by providing a unit fuel injector for mnjecting fuel
into the combustion chamber of an internal combustion
engine, comprising an 1njector body including an upper
body section, a central bore formed in the upper body
section, a lower body section and an 1njection orifice formed
in one end of the injector body to discharge fuel into the
combustion chamber. The unit mjector further includes a
plunger assembly mounted 1n the central bore for reciprocal
movement through advancement and retraction strokes. In
addition, a threadless injector body attaching device 1s
positioned at an interface between the upper body section
and the lower body section for attaching the upper body
section to the lower body section while avoiding imparting
a transverse load to the upper body section. The threadless
injector body attaching device 1s preferably positioned along
a longitudinal axis of the injector body radially adjacent the
central bore. In addition, the threadless 1njector body attach-
ing device 1s preferably positioned at the interface on at least
two opposite sides of the injector body. Moreover, the
threadless 1njector body attaching device may include a pin
aperture formed 1n one of the upper body section and the
lower body section, and a pin positioned 1n the pin aperture.
The threadless injector body attaching device may also
include a groove formed 1n one of the upper body section
and the lower body section wherein the pin 1s positioned 1n
the groove. The groove and the pin aperture form a cavity
having a peripheral extent and the pin includes a width less
than the cavity peripheral extent to create a slip fit between
the components and the pin. The groove may be 1n the form
of an annular groove extending around one of the upper
body section and the lower body section. Preferably, the
oroove 15 formed 1n an outer surface of the upper body
section and positioned 1n a recess formed 1n an upper end of
the lower body section. The pin aperture may be formed 1n
the lower body section and positioned tangential to the
annular groove. In a preferred embodiment, the threadless
injector body attaching device includes a first pin aperture
formed 1n one side of the lower body section, a second pin
aperture formed on an opposite side of the lower body
section, a first pin positioned 1n the first pin aperture and a
second pin positioned 1n the second pin aperture.

Aunit fuel injector assembly 1s also provided for injecting
fuel into the combustion chamber of an internal combustion
engine, comprising an injector body including an upper
body section including a lower surface, a central bore
formed in the upper body section, a lower body section
including an upper surface positioned adjacent the lower
surface of the upper body section and an 1njection orifice
formed 1n one end of the mnjector body to discharge fuel mnto
the combustion chamber. A plunger assembly 1s mounted in
the central bore for reciprocal movement through the
advancement and retraction strokes. Also 1n this assembly,
an 1njector body attaching device is positioned at an inter-
face between the upper body section and the lower body
section for attaching the sections while avoiding imparting
an axial sealing load between the upper and the lower body
sections. Importantly, a sealing load applying device, includ-
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ing an 1njector clamp for securing the injector body to the
engine, 1s mounted for abutment against the injector body
for applying a sealing load to the injector body of sufficient
magnitude necessary to create a fluid seal between the upper
surface of the lower body section and the lower surface of
the upper body section.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a cross sectional view of a unit fuel 1njector
including the injector body attaching device of the present
mvention;

FIG. 2 1s an enlarged cross sectional view of a portion of
the unit fuel injector of FIG. 1 showing the details of the
injector body attaching device of the present invention;

FIG. 3 1s a perspective view of the unit fuel 1njector
assembly of FIG. 1 including an injector mounting clamp;

FIG. 4 1s a cross sectional view of the fuel mjector and
injector body attaching device of the present invention taken

along plane 4—4 1n FIG. 2; and

FIG. 5 1s a perspective view of a pin of the mjector body
attaching device of the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

Referring to FIG. 1, there 1s shown the unit fuel 1njector
of the present invention, indicated generally at 10, which
includes a threadless injector body attaching device 12
which effectively minimizes transverse assembly loads on
the 1njector body to thereby minimize injector bore distor-
tion thus reducing plunger wear and avoiding injector fail-
ure. Unit fuel injector 10 generally includes an injector body
14 having a central bore 16, a top stop housing 18 mounted
on the injector body 14 and a plunger assembly 20 mounted
in central bore 16. Unit fuel mjector 10 1s preferably of the
open nozzle type wherein plunger assembly 20 include an
upper plunger 22, a timing plunger 24 and a lower plunger
26. The plunger assembly 20 1s driven by an injector drive
train (not shown) via a link 28 to force fuel from a chamber
30 through 1njection orifices 32 mto the combustion cham-
ber of an engine (not shown). Unit fuel injector 10 is secured
fo an engine, 1.€. securely mounted in a mounting bore
formed 1n an engine cylinder head, by a conventional
clamping device, such as a clamp 34, capable of applying an
axial mounting load to 1njector body 14.

As shown 1n FIG. 3, mjector body 14 includes a barrel or
upper body section 36 and a lower body section 38 attached
to upper body section 36. Lower body section 38 includes a
spring housing 40 attached to the lower end of upper body
section 36 via threadless 1njector body attaching device 12,
a nozzle housing 42 and a nozzle retainer 44 securing nozzle
housing 42 to the lower end of spring housing 40. As shown
in FIG. 1, central bore 16 extends through upper body
section 36 and lower body section 38 for receiving recip-
rocally mounted plungers 22, 24 and 26. It should be noted
that top stop housing 18 may be any conventional top stop
capable of limiting the upward movement of upper plunger
22. However, top stop housing 1s preferably of the type
shown in FIG. 1 and described in detail in co-pending
application entitled “Top Stop Assembly for a Fuel Injector™
which 1s commonly assigned to the assignee of the present
application and the enfire contents of which 1s hereby
incorporated by reference.

A timing chamber 46 1s formed between upper plunger 22
and timing plunger 24 for receiving timing fluid, 1.e. fuel, via
inlet ports or orifices 48 formed 1n upper body section 36. A
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precisely metered quantity of timing fluid enters timing
chamber 46 to form a fluid link having a variable effect
length primarily dependent on the supply pressure and,
secondarily, on the total time that timing fluid flows through
inlet ports 48. For any given set of conditions, the fluid link
has a predetermined effective length corresponding to the
desired 1njection timing. During the advancement stroke, the
link 1s formed and fuel, metered 1nto chamber 30 via a
metering circuit (not shown) formed in the injector body, is
discharged through 1njection orifices 32. The structure and
operation of unit fuel mmjector 10 with respect to the timing
and metering of fuel imjection 1n the advancement and
retraction strokes of the plunger assembly are described in
more detail in co-pending patent application entitled “Fuel
Injector with Isolated Spring Chamber”, commonly assigned
to the assignee of the present application, and the entire
contents of which 1s hereby incorporated by reference.
Although unit fuel injector 10 1s disclosed as an open nozzle
fuel injector, the threadless 1njector body attaching device 12
of the present invention may be incorporated 1nto any fuel
injector wherein transverse loads on the 1jector body should
be minimized. For example, any injector having a central
bore and a plunger reciprocally mounted 1n the central bore,
such as a closed nozzle injector, would benefit from the
present 1nvention. Nozzle retainer 44 includes threads
formed at an upper end for engaging complementary threads
formed on a lower end of spring housing 40. Relative
rotation of retainer 44 and spring housing 40 causes retainer
44 to pull spring housing 40 and nozzle housing 42 into
compressive abutment against one another.

As shown 1n FIG. 2, threadless injector body attaching
device 12 1s positioned at an interface 52 of upper body
section 36 and lower body section 38. The outer end of lower
body section 38 includes a recess 54 for receiving, and
aligning, a lower end portion 56 of upper body section 36
which 1s sized to easily fit into the recess 54. A lower surface
58 formed on lower end portion 56 1s positioned 1immedi-
ately adjacent an upper surface 60 formed on the outer end
of spring housing 40 inside recess 54. Threadless 1njector
body attaching device 12 includes an annular groove 62
formed 1n the outer surface of lower end portion 56 of upper
body section 36 so as to be positioned 1n recess 54 when
lower end portion 56 engages recess 54. As shown 1n FIG.
4, threadless 1njector body attaching device 12 further
includes a first pin aperture 64 extending transversely
through the upper portion of spring housing 40. In addition,
a second pin aperture 66 also extends through the upper
portion of spring housing 40 on an opposite side of the
spring housing from first pin aperture 64. First and second
pin aperture 64, 66 extend generally parallel to one another
and are positioned tangential to both recess 54 and annular
ogroove 62. Threadless injector body attaching device 12
further includes a pin 68 for each of the first and second pin
apertures 64, 66. As best shown 1 FIG. 5, pin 68 1s
preferably a coiled roll pin design to permit easy assembly,
however many other types of pins may be used, such as a
solid pin. Each pin 68 preferably includes a camber surface
70 at each end for permitting easy alignment of the pin in
first and second pin apertures 64 and 66.

Importantly, first and second pin apertures 64 and 66 cach
include a slip {it portion 72 extending a significant length of
cach aperture 64, 66 and a press fit portion 74 formed at one
end of each slip fit portion 72. Slip fit portions 72 are formed
with a diameter slightly larger than the diameter or width D
of pin 68 to permit pin 68 to be easily inserted through slip
fit portion 72. On the other hand, press {it portions 74 are
formed with a diameter slightly less than the diameter D of
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pin 68 to create an interference, or press, it between one end
of pin 68 and the corresponding press {it portion. First and
second pin aperture 64 and 66 also include counter bore
portions formed at each end to simplily the manufacturing,
and assembly process. Also, preferably, a lead-in chamfer
surface 1s used to transition from the slip fit portion to the

press fit portion to aid in assembly.

Another important aspect of the present threadless 1njec-
tor body attaching device 12 1s the. relative sizing of annular
ogroove 62, apertures 64 and 66 and pin 68. In conventional
fuel 1njector body designs, an upper body section 1s con-
nected to the lower body section via a threaded connection
which places transverse loads on the upper body section
thereby distorting the central bore and causing plunger
scuting. The present threadless injector body attaching
device 12 avoids placing transverse assembly loads on upper
body section 36 by avoiding a threaded connection, sizing
annular groove 62 and apertures 64 and 66 to form a cavity
75 having a peripheral extent greater than the diameter D of
pin 68 and relying on the clamping load of clamp 34 to apply
an axial sealing load to upper body section 36 necessary to
create a fluid seal between lower surface 58 of upper body
section 36 and upper surtace 60 of lower body section 38. By
relying solely on the mounting or clamping load applied by
clamp 34 to also create the sealing load for sealed connec-
fion between upper body section 36 and lower body section
38, a simple, low cost threadless injector body attaching,
device can be used to create a relatively loose unsealed
connection between upper body section 36 and lower body
section 38 without the application of transverse loads caused
by a threaded connection. It should be understood that the
threadless 1njector body attaching device 12 of the present
Invention may use a single pin and aperture combination, or
any other connection capable of attaching upper body sec-
tion 36 and lower body section 38 while avoiding imparting
a transverse load to upper body section 36. In addition, it
should be noted that pin 68 and first and second pin aperture
64 and 66 may be formed with noncircular cross sections.
Moreover, annular groove 62 may also be formed with a
different cross sectional shape. Regardless of the cross
sectional shape of the pins, apertures and groove in the
present preferred embodiment, the transverse assembly
loads at this connection are completely avoided by sizing
cavity 75 with a diameter or peripheral extent large enough
to avoid pressed contact with pin 68. Thus, each pin 68 can
be easily 1nserted through first and second pin aperture 64,
66 and tangenftially through annular groove 68 without
imparting a transverse load to upper body 36.

During assembly, upper body section 36 1s axially aligned
with lower body section 38 and fully inserted into recess 54
to position annular groove 62 adjacent both first and second
pin aperture 64 and 66. A respective pin 68 1s then inserted
into the end of first and second pin apertures 64 and 66
opposite press fit portion 74. Each pin 68 1s then pushed
through first and second pin aperture 64 and 66 until the
inner ends of each pin 68 fully and securely engage press {it
portion 74. During insertion of the pins, each pin 68 will
engage annular groove 62 regardless of the relative rotative
position between upper body section 36 and lower body
section 38 sice annular groove 62 extends around the entire
circumference of lower end portion 56 of upper body section
36. Unit fuel mjector 10 can then be easily handled, posi-
tioned on the engine and securely mounted to the engine by
installing clamp 34. Importantly, clamp 34 applies a clamp-
ing load to unit fuel mjector 10 which not only secures the
fuel injector to the engine but creates a fluid seal between the
outer surface of the injector body and the mner surface of,
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for example, a mounting bore formed 1n an engine cylinder
head. In the present invention, the clamp or mounting load
imparted by clamp 34 1s also used as a sealing load to create
an 1nternal fluid seal between lower surface 58 of upper body
section 36 and upper surface 60 of lower body section 38.
Prior to the application of clamp 34, threadless injector body
attaching device 12 merely creates a relatively loose con-
nection between upper body section 36 and lower body
section 38 which advantageously permits easy handling and
mounting of the injector without the application of trans-
verse loads to the mjector body. Once clamp 34 1s secured
to unit fuel 1njector 10, the sealing load applied by clamp 34
1s of a sufficient magnitude necessary to force upper surface
60 against lower surface 38 to create a fluid seal between the
surfaces. Upon 1njector removal, clamp 34 1s removed, and
an 1njector removing tool 1s used to grasp the outer end of
upper body section 36. A pulling force 1s then applied to the
upper body section 36 by the injector removal tool.
Consequently, threadless 1njector body attaching device 12
must be of sufficient strength to withstand the removal loads
to ensure mjector removal without the 1njector body attach-
ing device failling even when an injector may be seized in the
engine mounting bore. The present invention creates a
sufliciently strong connection between upper body section
36 and lower body section 38 by using two pins instead of
onc. Importantly, the use of two pins also permits pins
having a smaller diameter D thereby requiring an annular
oroove of minimal depth. By mimimizing the depth of
annular groove 62, the present two pin arrangement creates
a more robust lower end portion 56 thereby further mini-
mizing bore distortion. In addition, by positioning pins 68
and first and second pin apertures 64 and 66 symmetrically
on opposite sides of mnjector body 14, 1injector removal loads
are evenly distributed thereby possibly improving the ease
with which 1njectors may be removed.

The present invention results in many advantages over the
conventional injector having a threaded connection between
upper and lower body sections or any other connection
which 1mparts transverse loads to an mjector body section.
During operation, the unit fuel mjector 10 of the present
invention will experience no transverse loads due to the
connection at interface 52 since threadless injector body
attaching device 12 relatively loosely attaches upper body
section 36 and lower body section 38 and clamp 34 merely
applies an axial load to injector body 14. Therefore, the
present 1nvention greatly reduces bore distortion due to
assembly and mounting loads by minimizing transverse
loading thereby reducing plunger wear and minimizing the
likelihood of plunger seizure/failure. In addition, the present
threadless 1njector body attaching device provides a less
costly solution to the transverse assembly loading problem
than conventional injectors using a threaded connection.
Some conventional 1njectors included an annular groove 1n
the lower portion of the upper body section which created a
thin walled section adjacent the threads on the upper body
section to 1solate distortion. However, the annular groove 1s
expensive to manufacture and required an extra component
(a washer) adjacent the annular groove to prevent damage to
other portions of the injector assembly. The present thread-
less 1injector body attaching device 1s stmple and less expen-
sive to manufacture, easy to assemble and more effective in
reducing 1njector bore distortion.

INDUSTRIAL APPLICABILITY

The threadless injector body attaching device of the
present invention may be used on any fuel injector having a
reciprocally mounted plunger assembly, 1.e. a mechanically
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or hydraulically actuated unit fuel 1njector, mounted on any
combustion engine of any vehicle or industrial equipment 1n
which increased 1njector reliability 1s beneficial.

We claim:

1. A unit fuel 1injector for injecting fuel nto the combus-
fion chamber of an 1internal combustion engine, comprising:

an 1njector body including an upper body section, a
central bore formed 1n said upper body section, a lower
body section and an 1njection orifice formed 1n one end
of said mmjector body to discharge fuel into the com-
bustion chamber;

a plunger means mounted in said central bore for recip-
rocal movement through advancement and retraction
strokes; and

a threadless 1njector body attaching means positioned at
an 1nterface between said upper body section and said
lower body section for attaching said upper body
section to said lower body section while avoiding
imparting a transverse load to said upper body section,
wherein said threadless mjector body attaching means
includes a groove formed 1n one of said upper body
section and said lower body section, and at least one pin
positioned 1n said groove, said groove at least partially
forming a cavity having a peripheral extent and said at
least one pin includes a width less than said cavity
peripheral extent to create a slip fit between said groove
and said at least one pin permitting slight relative axial
movement between said upper body section and said
lower body section.

2. The unit fuel 1njector of claim 1, wherein said thread-
less 1njector body attaching means 1s positioned along a
longitudinal axis of the mjector body radially adjacent said
central bore.

3. The unit fuel injector of claim 1, wherein said thread-
less imjector body attaching means 1s positioned at said
interface on at least two opposite sides of said injector body.

4. The unit fuel 1njector of claim 1, wherein said thread-
less mjector body attaching means includes a pin aperture
formed 1n one of said upper body section and said lower
body section, and a pin positioned in said pin aperture.

5. The unit fuel 1njector of claim 1, wherein said groove
1s an annular groove extending around one of said upper
body section and said lower body section.

6. The unit fuel injector of claim §, wherein said annular
ogroove 1s formed 1n an outer surface of said upper body
section.

7. The unit fuel mjector of claim 6, wherein said lower
body section includes a recess formed 1n one end for
receiving a lower end of said upper body section, said
annular groove being positioned 1n said recess.

8. The unit fuel 1njector of claim 1, wherein said thread-
less 1njector body attaching means further includes at least
one pin aperture formed 1n one of said upper body section
and said lower body section.

9. The unit fuel injector of claim 8, wherein said at least
one pin aperture 1s formed in said lower body section and
positioned tangential to said annular groove.
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10. The unit fuel injector of claim 9, wherein said at least
one pin aperture includes a first pin aperture formed 1n one
side of said lower body section and a second pin aperture
formed on an opposite side of said lower body section, said
at least one pin including a first pin positioned 1n said first
pin aperture and a second pin positioned 1n said second pin
aperture.

11. A unit fuel injector for injecting fuel nto the com-
bustion chamber of an internal combustion engine, compris-
ng:

an 1njector body including an upper body section, a

central bore formed 1n said upper body section, a lower
body section and an 1njection orifice formed 1n one end

of said lower body section to discharge fuel into the
combustion chamber;

a plunger means mounted in said central bore for recip-
rocal movement through advancement and retraction
strokes; and

an 1njector body attaching means positioned along said
longitudinal axis of said 1njector body radially adjacent
said central bore for attaching said lower body section
to said upper body section, said injector body attaching
means 1ncluding at least one transverse aperture formed
in one of said upper body section and said lower body
section and at least one pin positioned 1n said transverse
aperture, wherein said injector body attaching means
includes a groove formed 1n one of said upper body
section and said lower body section for engagement by
said at least one pin, said groove at least partially
forming a cavity having a peripheral extent and said at
least one pin includes a width less than said cavity
peripheral extent to create a slip {it between said groove
and said at least one pin.

12. The unit fuel injector of claim 11, wherein said groove
1s an annular groove extending around one of said upper
body section and said lower body section.

13. The unit fuel injector of claim 12, wherein said
annular groove 1s formed 1n an outer surface of said upper
body section, said lower body section including a recess
formed 1n one end for receiving a lower end of said upper
body section, said annular groove being positioned 1n said
recess.

14. The unit fuel injector of claim 12, wherein said at least
one transverse aperture 1s formed 1n said lower body section
and positioned tangential to said annular groove.

15. The unit fuel injector of claim 14, wherein said at least
one pin aperture includes a first pin aperture formed 1n one
side of said lower body section and a second pin aperture
formed on an opposite side of said lower body section, said
at least one pin including a first pin positioned 1n said first
pin aperture and a second pin positioned 1n said second pin
aperture.
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